Background: Traumatic brain injury (TBI) is a leading cause of death and disability. The role of red cell distribution width (RDW) as a prognostic biomarker for outcome in TBI patients is unknown. Based on the corticosteroid randomization after significant head injury (CRASH) trial database, a prognosis calculator (CRASH) has been developed for outcome prediction in TBI. The objectives of this study are to investigate the association between RDW on day 1 of TBI and outcome, and to compare outcome prediction from RDW to that from CRASH.
Introduction
Traumatic brain injury (TBI) is a major source of death and severe disability worldwide. In the USA alone, this type of injury causes 290,000 hospital admissions, 51,000 deaths, and 80,000 permanently disabled survivors [1] [2] [3] .
Red blood cell distribution width (RDW) represents the size variation of all the red blood cells in an individual patient. RDW is calculated as the standard deviation in red blood cell (RBC) size divided by the mean corpuscular volume. RDW is ordered routinely as part of the complete blood count panel by an automated flow cytometry machine. RDW normally ranges between 11.5% and 14.5%. Elevated RDW can result from any disease process that causes the premature release of reticulocytes into the circulation. Elevations in RDW have been shown to be associated with elevated inflammatory markers, such as C-reactive protein, erythrocyte sedimentation rate, and interleukin-6 [4, 5] . Other studies showed that RDW predicted mortality in adults > 44 years old in the general population [6] , patients with cardiovascular disease, cancer, chronic lung diseases [7] , symptomatic chronic congestive heart failure [8] , acute stroke [9] , acute heart failure [10] , in the general critically ill patients [11] , and in septic shock patients [12] . The role of RDW as a prognostic biomarker for neurologic outcome in TBI patients is unknown.
The corticosteroid randomization after significant head injury (CRASH) calculator has been validated to estimate mortality at 14 days and death and severe disability at 6 months (Glasgow outcome scale (GOS) 1 -3). The calculator uses country of origin (USA in our dataset), age, Glasgow coma scale (GCS), pupils reactivity to light, presence of major extracranial injury, and findings on CT scan of brain (petechial hemorrhages, obliteration of the third ventricle or basal cis- terns, subarachnoid bleeding, midline shift, and non-evacuated hematoma) [13] . The objectives of this study are to investigate the association between RDW on day 1 of TBI and outcome, and to compare outcome prediction from RDW to that from CRASH.
Methods
We performed a retrospective review of patients with TBI and a GCS score of 14 or less between January 2013 and September 2016. Day 1 RDW and CRASH data were extracted. CRASH was calculated for each patient. Patient identifiers were removed from the database, and informed consent was waived by our institutional review board. Mean, standard deviation and P values were reported for comparisons. Wilcoxon and Chi-squared statistics were used to determine significance. Significance was considered at the P < 0.05 level. The C statistic was calculated as a measure of the overall strength of prediction for both RDW and CRASH. Receiver-operating characteristic (ROC) curves were used to assess the mortality predictions from RDW on day 1 and CRASH. GOS was determined at 6 months. Neurologic outcome was scored according to the five-category GOS [14] for each patient. Patients were stratified according to RDW values into six groups, and according to CRASH values into six groups. ROC curves were used to assess GOS predictions from RDW on day 1 and CRASH.
Results
A total of 416 patients with TBI were included, with 339 survivors (S) and 77 non-survivors (NS); mortality rate was 18.5%. Compared to survivors, non-survivors were of similar age in years (58 ± 23 vs. 58 ± 23, P = 1.0), similar gender (male, 69% vs. 63%, P = 0.3), had lower GCS scores (5 ± 3 vs. 12 ± 3, P = 0.0001), similar RDW (14.0 ± 1.2 vs. 13.9 ± 1.5, P = 0.6), and higher CRASH values (68 ± 26 vs. 24 ± 22, P = 0.0001, higher values predict worse outcomes) ( Table 1) . Estimating the ROC area under the curve (AUC) showed that CRASH was a significantly better predictor of ICU mortality compared to RDW (AUC = 0.91 ± 0.01 for CRASH compared to 0.66 ± 0.03 for RDW; P < 0.0001) (Fig. 1) . RDW was a good predictor of 6-month outcome (GOS 1 -3), compared to RDW < 13% group, 13-13.9% (odds ratio (OR): 8.0, P = 0.005), 14-14.9% (OR: 18, P < 0.0001), 15-15.9% (OR: 10, P < 0.001), 16-16.9% (OR: 4.3, P = 0.03), and > 17% (OR: 6.7, P < 0.01). CRASH was also a strong predictor of 6-month outcome (GOS 1 -3), compared to CRASH < 10 group, 11 -30 (OR: 2, P = 0.1), 31 -50 (OR: 6, P = 0.01), 51 -70 (OR: 16, P = 0.0001), 71 -90 (OR: 41, P < 0.0001), and > 90 (OR: 77, P < 0.0001) ( Table 2 ). Estimating the ROC AUC showed that CRASH was a better predictor compared to RDW (AUC = 0.85 ± 0.02 for CRASH compared to 0.76 ± 0.03 for RDW; P = 0.005) (Fig. 2) .
Discussion
Elevations in RDW have been shown to be associated with elevated inflammatory markers, for which reason it has been studied as a possible easily obtained predictor of outcome in several disease states. RDW predicted mortality in the general population [6] , patients with cardiovascular disease, cancer, chronic lung diseases [7] , symptomatic chronic congestive heart failure [8] , acute stroke [9] , acute heart failure [10] , the general critically ill patients [11] , and in septic shock patients [12] . As a result, we elected to study its predictability of outcome in TBI patients. Only one previous study by Zhang et al looked at RDW's prediction of mortality in patients with TBI. In a retrospective analysis of 122 TBI patients, RDW was predictive of 28-day mortality, with a cut-off level for RDW ≥ 12.85, and an AUC of 0.805. Neurologic outcome was not evaluated [15] . In our study, RDW was not predictive of mortality, but was predictive of 6-month neurologic outcome. The reasons why our study differed from Zhang et al in mortality prediction could be a different patient population, variables not accounted for could be associated with inflammation and thus RDW, such as septic shock, diabetes, heart failure, cancer, chronic lung disease, etc. In addition, our study was larger (416 vs. 122 patients) with less tendency for type II error. However, RDW in our study was predictive of neurologic outcome at 6 months. It is well known that the neuroinflammatory response following TBI is a key secondary injury factor that can drive ongoing neuronal injury and worsen outcome. Inflammation is associated with an increase in blood-brain barrier permeability and the development of vasogenic edema as well as neuronal injury and worse functional outcome [16, 17] . As a result, RDW, being a marker of inflammation, could play a role in prediction of neurologic outcome in TBI patients. Our study has several limitations. It is a retrospective study with a relatively small number of patients. In addition, a number of variables that could potentially influence outcome were not collected and accounted for (e.g. diabetes, sepsis, infections, heart failure, iron deficiency anemia, etc.). Although CRASH calculator has been validated in a large number of TBI patients, the degree of agreement likely varies substantially by population; therefore point estimates of agreement in terms of generalizability of our findings must be interpreted with caution especially because it is a retrospective single center study. Our study was performed in an academic referral hospital; therefore our results may not be applicable to institutions with different patient populations. The strengths of our study include the inclusion of 6 months neurologic outcome (only study of RDW prediction of neurologic outcome), and the comparison to a well-validated outcome prediction calculator in TBI (CRASH).
Conclusion
CRASH calculator was a strong predictor of mortality in patients with TBI. RDW on day 1 did not differ between survivors and non-survivors, and was a poor predictor of mortality. Both RDW on day 1 and CRASH calculator were good predictors of 6-month outcome in TBI patients, although CRASH calculator remains a better predictor. Pending larger studies to validate our findings, we believe that outcome predictors can Figure 2 . Receiver-operating characteristic curves for each of RDW and CRASH for prediction of neurologic outcome (GOS 1 -3 at 6 months).
